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FOREWORD

The proportion of the driving population over 65 is growing significantly. Older motorists can
be expected to have problems driving given the known changes in their perceptual, cognitive,
and psychomotor performances, presenting many challenges to transportation engineers, who
must ensure system safety while increasing operational efficiency.

This Older Driver Highway Design Handbook provides practitioners with a practical
information source that links older road user characteristics to highway design, operational, and
traffic engineering recommendations by addressing specific roadway features. This handbook
supplements existing standards and guidelines in the areas of highway geometry, operations, and
traffic control devices.

The information in this handbook should be of interest to highway designers, traffic engineers,
and highway safety specialists involved in the design and operation of highway facilities. In
addition, this handbook will be of interest to researchers concerned with issues of older road user
safety and mobility.

Copies of this report can be obtained through the FHWA Research and Technology Report
Center, 9701 Philadelphia Court, Unit Q, Lanham, Maryland 20706, telephone: (301) 577-0818,
fax: (301) 577-1421, or the National Technical Information Service, 5285 Port Royal Road,
Springfield, Virginia 22161, telephone: (703) 487-4650, fax: (703) 321-8547.

A. George Ostensen
Director
Office of Safety and Traffic  Operations
Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade or
manufacturers’ names appear herein only because they are considered essential to the object of
this document.
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PREFACE

The increasing numbers and percentages of older drivers using the Nation’s
highways in the decades ahead will pose many challenges to transportation engineers,
who must ensure system safety while increasing operational efficiency. The 65 and older
age group, which numbered 33.5 million in the United States in 1995, will grow to more
than 36 million by 2005 and will exceed 50 million by 2020, accounting for roughly one-
fifth of the population of driving age in this country. In effect, if design is controlled
by even 85th percentile performance requirements, the “design driver” of the early 21st
century will be an individual over the age of 65.

There are important consequences of the changing demographics in our driving
population. Traffic  volumes will increase, problems with congestion will become more
widespread, and the demands on drivers will grow significantly beyond present-day
operating conditions. At the same time, a steadily increasing proportion of drivers will
experience declining vision; slowed decisionmaking and reaction times; exaggerated
difficulty in dividing attention between rapidly shifting sources of potential conflicts and
other traffic information; and reductions in strength, flexibility, and overall fitness.

A premise for development of the Older Driver Highway Design Handbook is that
practitioners, while generally aware of.the  current number and projected increases in the
number of older drivers, do not presently have access to any practical information source
linking the characteristics of these highway users to design, operational, and traffic
engineering recommendations keyed to specific roadway features. TlGs Handbook has
accordingly been developed to supplement existing standards and guidelines in the areas
of highway geometry, operations, and traffic control devices.

The specific roadway features singled out for attention in this Handbook represent
four broad site types identified either directly or indirectly in recent accident analyses as
most problematic for older drivers. A top priority is at-grade intersections, reflecting
older drivers’ most serious accident problem area as documented in recent analyses
(Council and Zegeer, 1992; Staplin and Lyles, 1991; Stamatiadis, Taylor, and
McKelvey  , 1991). Next, older driver difficulties with merginglweaving and lane
changing operations focus attention on interchanges (grade separation). Finally, roadway
curvame and passing zones  plus highway construction/work zones are included for two
reasons: (1) heightened tracking (steering) demands may increase the driver’s workload,
and (2) there is an increased potential for unexpected events requiring a swift driver
response.

These classes of highway features define the primary organizing principle for the
main body of the Handbook. Recommendations are presented initially in a brief section,
followed by a more lengthy section presenting the Rationale and Supporting Evidence.
Within each of these two major Handbook sections, material is organ&d in terms of four
subsections, corresponding to the classes of highway features noted above. Then, for
each class of highway feature, Handbook materials are organized according to a unique
set of geometric, operational, and traffic control design elements. The Handbook
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concludes with an integrated glossary providing definitions of selected terms, including
acronyms and abbreviations; a reference list; and an index containing terms that provide
reliable guidance to help locate Handbook entries pertaining to a particular design
element.

The recommendations in this Handbook are based on supporting evidence drawn
from a selected set of research findings. The results of field studies employing older
drivers were always given precedence, followed by laboratory simulations or modeling
efforts where both age and some aspect of highway design, operations, or traffic control
were included as study variables. More general findings on the effects of aging,
independent of driver performance research per se, may also be cited, but only where
there is an indisputable logic extending a given finding to the highway context. A
broader discussion of issues related to aging and driving can be found in the
Transportation Research Board’s Special Repon 218 (1988).

It is important to emphasize that Handbook recommendations, as well as the
evidence cited to support them, relate to demonstrated performance deficits of rwmt~lly
aging drivers. Thus, diminished driver capabilities that result from the onset of
Alzheimer’s disease and related dementias, which are believed to afflict over 10 percent
of those age 65 and older and nearly 50 percent of those age 85 and older, are not the
current focus.

Finally, the recommendations presented in this Handbook do not constitute a new
standard of required practice for the included highway design elements. Questions
related to when and where to apply each Handbook recommendation remain at the
discretion of the practitioner. This document may be useful as a “problem solver” at
older driver accident sites, or it may be applied preemptively to enhance safety wherever
there are large numbers of older drivers in the traffic stream in a given jurisdiction. As
a practical matter, it is recognized that the application of Handbook recommendations
may be limited to the design of new facilities and to planned highway reconstruction
projects. Furthermore, the recommendations contained herein seek to avoid “optimum”
solutions that may be unattainable using current materials or practices or that will result
in situations where extreme costs are incurred for small anticipated gains in system
safety. Ultimately, the contents of this Handbook are intended to provide guidance
which-based on the current state-of-the-knowledge of the special needs of normally
aging seniors-can be expected to significantly enhance the safety and ease of use of the
highway system for older drivers in particular, and for the driving population as a whole.

Loren Staplin, Ph.D.
Kathy H. Lmoco
Stanley R. Byington

October 1997
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ISBL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . in-service brightness level

ISTEA . . . . . . . . . . . . . . . . . . . . . . Intermodal Surface Transportation Efficiency Act

ITE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Institute of Transportation Engineers

LI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . legibility index

M O E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . measure of effectiveness
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ABBREVIATIONS AND ACRONYM!3  (Continued)

- MRVD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . minimum required visibility distance

MSC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . merge steering control

M U T C D . . . . . . . Manual on Uniform Traclgic Control Devices for Streets and Highways

NCHRP . . . . . . . . . . . . . . . . . . . . National Cooperative Highway Research Program

NHTSA . . . . . . . . . . . . . . . . . . . . . National Highway Traffic Safety Administration

NTOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . no turn on red

NTSB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . National Transportation Safety Board

PIL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . partial interchange lighting

P M D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . post-mounted delineator

P R T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . perception-reaction time

RT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . reactiontime

R P M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . raised pavement markers

RTOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..rightturnonred

SC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . steering control

SCL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . speed-changelane

SSD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . stopping sight distance

STV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . small target visibility

T C D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . traffic control device

TRB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Transportation Research Board

TVA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . transient visual adaptation

UFOV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . useful field of view

V C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . visual clear

VMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . variable message sign
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RECOMMENDATIONS

I. INTERSECTIONS (AT-GRADE)

Background and Scope of Handbook Recommendations

The single greatest concern in accommodating older road users, both drivers and
pedestrians, is the ability of these persons to safely maneuver through intersections. The
findings of one widely cited analysis of nationwide accident data (Hauer,  1988),  illustrated
below, reveal the relationship between injuries and fatalities at intersections during the period
1983-1985 in the United States, as a function of age and road user type (driver or pedestrian).

Injuries F&Iii Injurieo Fatalii

-m

For drivers 80  years and older, nwre  than halfof fatal accidents occur at intersections, compared
with 24 percent or less for drivers up to 50 years of age (Insurance Institute for Highway Safety,
1993). These findings reinforce a long-standing recognition that driving situations involving
complex speed-distance judgments under time constraints-the typical scenario for intersection
operations-are more problematic for older drivers and pedestrians than for their younger
counterparts (Wailer,  House, and Stewart, 1977). Other studies within the large body of
evidence showing dramatic increases in intersection accident involvements as driver age
increases have revealed detailed patterns of data associating specific accident types and vehicle
movements with particular age groups, and in some cases have linked such patterns to the
driving task demands in a given maneuver situation (see Campbell, 1993; Council and Zegeer,
1992; Staplin and Lyles, 1991).



INTlRSEcIlONS  (AT-GRADE)

Another approach to characterizing older driver problems at intersections was employed
by Brainin  (1980),  who used in-car observations of driving behavior with 17 drivers ages 25-44,
81 drivers ages 60-69, and 18 drivers age 70 and older, on a standardized test route. The two
older age groups showed more difficulty making right and left turns at intersections and
negotiating traffic signals. The left-turn problems resulted from a lack of sufficient caution and
poor positioning on the road during the turn. Right-turn difficulties were primarily a result of
failing to signal. Errors demonstrated at STOP signs included failing to make complete stops,
poor vehicle positioning at STOP signs, and jerky and abrupt stops. Errors demonstrated at
traffic signals included stops that were either jerky and abrupt, failure to stop when required,
and failure to show sufficient caution during the intersection approach.

Complementing accident analyses and observational studies with subjective reports of
intersection driving difficulties, a statewide survey of 664 senior drivers by Benekohal, Resende,
Shim, Michaels,  and Weeks (1992) found that the following activities become more difficult for
drivers as they grow older (with proportion of drivers responding in parentheses):

0 Reading street signs in town (27 percent).
l Driving across an intersection (21 percent).
l Finding the beginning of a left-turn lane at an intersection (20 percent).
0 Making a left turn at an intersection (19 percent).
0 Following pavement markings (17 percent).
l Responding to traffic signals (12 percent).

Benekohal et al. (1992) also found that the following highway features become more important
to drivers as they age (with proportion of drivers responding in parentheses):

l Lighting at intersections (62 percent).
l Pavement markings at intersections (57 percent).
l Number of left-turn lanes at an intersection (55 percent).
l Width of travel lanes (5 1 percent).
0 Concrete lane guides (raised channelization) for turns at intersections (47 percent).
0 Size of traffic signals at intersections (42 percent).

Comparisons of responses from drivers ages 66-68 versus those age 77 and older showed that
the older group had more difficulty following pavement markings, finding the beginning of the
left-turn lane, and driving across intersections. Similarly, the level of difficulty for reading
street signs and making left turns at intersections increased with increasing senior driver age.
Turning left at intersections was perceived as a complex driving task. This was made more
difficult when raised channelization providing visual cues was absent, and only pavement
markings designated which were through lanes versus turning lanes ahead. For the oldest age
group, pavement markings at intersections were the most important item, followed by the
number of left-turn lanes, concrete guides, and intersection lighting. A study of older road users
completed in 1996 provides evidence that the single most challenging aspect of intersection
negotiation for this group is performing left turns during the permitted (green ball) signal phase
(Staplin, Harkey, Lococo,  and Tarawneh, 1997).

2



lNTERSECITONS  (AT-GRADE)

During focus group discussions conducted by Benekohal et al. (1992),  older drivers
reported that intersections with too many islands are confusing, that raised curbs that are
unpainted are difficult to see, and that textured pavements (rumble strips) are of value as a
warning of upcoming raised medians, approaches to (hidden or flashing red) signals, and the
roadway edge/shoulder lane boundary. Regarding traffic signals, study subjects indicated a clear
preference to turn left on a protected arrow phase, rather than making “permitted phase” turns.
When turning during a permitted phase (green ball)  signal operation, they reported waiting for
a large gap before making a turn, which frustrates drivers in back of them and causes the drivers
behind to go around them or blow their horns. A general finding here was the need for more
time to react.

Additional insight into the problems older drivers experience at intersections was
provided by focus group responses iiom  81 older drivers in the Staplin et al. study (1997). The
most commonly reported problems are listed below:

0 Difficuhy  in turning head at skewed (non-go-degree) angles to view intersecting traffic.
0 Difficulty in smoothly performing turning movements at tight comers.
0 Hitting raised concrete barriers such as channelizing islands in the rain and at night due

to poor visibility.
0 Finding oneself positioned in the wrong lane-especially a “turn only” lane-during an

intersection approach, due to poor visibility (maintenance) of pavement markings or the
obstruction of roadside signs designed to inform drivers of intersection traffic  patterns.

0 Difficulty at the end of an auxihary  (right)-turn lane in seeing potential conflicts well and
quickly enough to smoothly merge with adjacent-lane traffic.

0 Merging with adjacent-lane traffic  after crossing an  intersection, when a lane drop occurs
near the intersection (e.g., when two lanes merge into one lane within 150 m [5OO  ft]
after crossing the intersection).

Although these problems are by no means unique to older drivers, the various functional deficits
associated with aging result in exaggerated levels of difficulty for this user group.

Finally, the analysis by Council and Zegeer (1992) included an examination of pedestrian
accidents and the collision types in which older pedestrians were overinvolved. The results
showed older pedestrians to be overrepresented in both right- and left-turn accidents. The
young-elderly (ages 65-74) were most likely to be struck by a vehicle turning right, whereas the
old-elderly (age 75 and older) were more likely to be struck by a left-turning vehicle.

This section will provide recommendations to enhance the performance of diminished-
capacity drivers as they approach and travel through intersections, for 16 different design
elements: A. intersecting angle (skew); B. receiving lane (throat) width for turning operations;
C. channelization; D. intersection sight distance (sight triangle); E. opposite (single) left-turn
lane geometry, signing, and delineation; F. edge treatments/delineation of curbs, medians, and
obstacles; G. curb radius; H. traffic control for left-turn movements at signalized intersections;
I. traffic control for right-turn/right-turn-on-red (RTOR)  movements at signalized intersections;
J. street-name signage; K. one-way/wrong-way signage;  L. stop- and yield-controlled
intersection signage; M. devices for lane assignment on intersection approach; N. traffic signal
performance issues; 0. fixed lighting installations; and P. pedestrian control devices.

3



INTFRSEcIlONS  (AT-GRADE)

The Hizndbook  recommendations that follow are supported by material presented later in
the “Rationale and Supporting Evidence” section under the “Intersections (At-Grade)” heading.

Recommendations by Design Element

A. Design Element=  Intersecting Angle (Skew)

B. Design Element: Receiving Lane (Throat) Wdth for Turning Operations

C. Design Element: Channelization



INTERSECTIONS (AT-GRADE)

C. Design  Element: Channelization  (Continued)

D. Design Element: Intersection Sight Distance (Sight Triangle)

5



INTERSECI’IONS  (AT-GRADE)

D. Design Element: Intersection Sight Distance (Sight Triangle) (Continued)
-

E. Design Element: Opposite (Single) Lt$-lkm  Lane  Geometry, Signing,
and Delineation

6



INThRsECllONS  (AT-GRADE)

E. Design demerit: Opposite (Single) L@-Turn Lane Geometry,  Signing,
and Delineation (Continued)



INTERSECI’IONS  (AT-GRADE)

E. Design Element: Opposite (Single) Left-Turn Lane Geometry, Signing,
and Delineation (Continued)



INTER!+ECl’IONS  (AT-GRADE)

E. Design Element: Opposite (Single) &$&Turn  Lane Geometry, Signing,
and Delineation (Continued)
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INTERSECI’IONS  (AT-GRADE)

F. Design Elemeru: Edge Treatments/Delineation of Curbs, Medians,
and Obstacles

G. Design Element: Curb Radius



INTERSECTIONS (AT-GRADE)

H. Design Element: Tr@c  Control for Lefi-Turn  Movements at Signalized
Intersectisfis
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JNTERSECI’IONS (AT-GRADE)

H. Design Element= Tra_6?ic Control for LeJt-Turn  Movements at Signalized
Intersections (Continued)

I. Design Element: Trafic Control for Right-Tum/RTOR Movements at
Signalized Intersections
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WTERSECTIONS  (AT-GRADE)

I. Design Element: Tra$ic Control for Right-llm/RTOR Movements at
Simulized Intersections (Cdntinued)

J. Design Element: Street-Name Signuge

v . . . ;. . . ,’ ,,:. : . :::..... . . ..j ” : : ,.
‘ . : : ’ .: ,’ .:...’ ‘. . : : ::,
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INTWSECL’IONS (AT-GRADE)

K. Design Element: One- Way/Wrong- Way Signage

c .

1 4



JNTERSECIIONS  (AT-GRADE)

K. Design Element: One-Way/Wrong-Way Signuge (Continued)

L. Des&n Element: StoD-  and field-controlled hatersection Sianane



INTERSECl’IONS (AT-GRADE)

L. Design Element: Stop- and Yield-Controlled Intersection xignage
(Continwd~

1 6



INTERSECTIONS (AT-GRADE)

M. Design Ele&nt: Devices for Lane Assignment on Intersection Approach

N. Design Element: Tra@c Signal Peformunce Issues
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N. Design Element: Tra#c  Signal Pe@ormance  Issues (Continued)
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INTER!SECI’IONS  (AT-GIUDE)

N. Design Element: Traflc Signal Peformance  Issues (Continued)

0. Design Element: Fixed Lighting Installations
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INTERSJKTIONS  (AT-GRADE)

P. Design Element: Pedestrian Control Devices

20



INTER!SFClTONS  (AT-GRADE)

P. Design Element: Pedestrian Control Devices (Continued)
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II. INTERCHANGES (GRADE SEPARATION)

Background and Scope of Handbook Recommendations

Overall, freeways are characterized by the highest safety level (lowest fatality rates) when
compared with other types of highways in rural and urban areas (American Automobile
Association Foundation for Traffic Safety, 1995). At the same time, freeway interchanges have
design features that have been shown to result in significant safety and operational problems.
Taylor and McGee (1973) reported more than 20 years ago that erratic maneuvers are a common
occurrence at freeway exit ramps and that the number of accidents in the vicinity of the exit
ramp is four times greater than at any other freeway location. Two decades later, Lunenfeld
(1993) reiterated that most freeway accidents and directional uncertainty occur in the vicinity of
interchanges.

Distinct patterns in the occurrence of freeway interchange accidents emerge in studies that
look specifically at driver age. Staplin and &yles  (1991) conducted a statewide (Michigan)
analysis of the accident involvement ratios and types of violations for drivers in the following
age groups: age 76 and older; ages 56-75, ages 27-55, and age 26 and younger. Using induced-
exposure methods to gauge accident involvement levels, this analysis showed that drivers over
age 75 were overrepresented as the driver at fault in merging and weaving accidents near
interchange ramps. With respect to violation types, the older driver groups were cited most
frequently for failing to yield and for improper use of lanes. Similarly, Harkey , Huang , and
Zegeer’s (1996) study of the precrash maneuvers and contributing factors in older driver freeway
accidents indicated that older drivers’ failure to yield was the most common contributing factor.
These data raise concerns about the use of freeway interchanges by older drivers, in light of
evidence presented by Lerner and Rati  (1991) that a dramatic growth in older driver freeway
travel occurred between 1977 and 1988, with this trend expected to continue.

Age differences in interchange accidents and violations may be understood in terms of
driving task.demands  and age-related diminished driver capabilities. The exit gore area is a
transitional area that requires a major change in tracking. A driver (especially in an unfamiliar
location) must process a large amount of directional information during a short period of time
and at high speeds, while maintaining or modifying his/her position within the traffic stream.
When drivers must perform guidance and navigation tasks in close proximity, the chances
increase that a driver will become overloaded and commit errors (Lunenfeld, 1993). Erratic
maneuvers resulting from driver indecisiveness in such situations include encroaching on the
gore area, and even backing up on the ramp or the through lane. When weaving actions are
required, the information-processing task demands for freeway interchange maneuvers-both
entry and exit-are further magnified.

On a population basis, the age-related diminished capabilities that contribute most to older
drivers’ difficulties at freeway interchanges include losses in vision and information-processing
ability, and decreased physical flexibility in the neck and upper body. Specifically, older adults
show declines in static and dynamic acuity, increased sensitivity to glare, poor night vision, and
reduced contrast sensitivity (McFarland, Domey, Warren, and Ward, 1960; Weymouth, 1960;
Richards, 1972; Pitts, 1982; Sekuler, Kline, and Dismukes, 1982; Owsley, Sekuler, and
Siemsen, 1983). These sensory losses are compounded by the following perceptual and

2 3



INTERCHANGES (GRADE SEPARATION)

cognitive deficits, the first two of which are recognized as being especially critical to safety:
reduction in the ability to rapidly localize the most relevant stimuli in a driving scene, reduction
in the ability to efficiently switch attention between multiple targets, reduction in working
memory capacity, and reduction in processing speed (Avolio, Kroeck, and Panek, 1985; Plude
and Hoyer, 1985; Ponds, Brouwer, and van Wolffelaar, 1988; Brouwer, Ickenroth, Ponds, and
van Wolffelaar, 1990; Brouwer, Waterink, van Wolffelaar, and Rothengatter, 1991). The most
important physical losses are reduced range of motion (head and neck), which impairs visual
search, and slowed response time to execute a vehicle control movement, especially when a
sequence of movements-such ,as braking, steering, accelerating to weave and then exit a
freeway-is required (Smith and Sethi,  1975; Goggin, Stelmach, and Amrhein, 1989; Goggin
and Stelmach, 1990; Hunter-Zaworski,  1990; Staplin, Lococo,  and Sim, 1990; Ostrow,
Shaffron, and McPherson, 1992).

One  result of these age-related diminished capabilities is demonstrated by a driver who
waits when merging and entering freeways at on-ramps until he/she is alongside traffic, then
relies on mirror views of overtaking vehicles on the mainline to begin searching for an
acceptable gap (M&night and Stewart, 1990). Exclusive use of mirrors to check for gaps and
slowing or stopping to look for a gap increase the likelihood of accidents and have a negative
effect on traffic flow. Malfetti and Winter (1987),  in a critical incident study of merging and
yielding problems, reported that older drivers on freeway acceleration lanes merged so slowly
that traffic was disrupted, or they stopped completely at the end of the ramp instead of
attempting to approach the speed of the traffic flow before entering it. In Lerner and Ratte’s
(1991) research, older drivers in focus group discussions commented that they experienced
difficulty maintaining vehicle headway because of slower reaction times, difficulty reading signs
because of visual deficits, fatigue, mobility limitations, a tendency to panic or become
disoriented, and loss of daring or confidence. Merging onto the freeway was the most difficult
maneuver discussed during the focus group sessions. Needed improvements identified by these
older drivers included the elimination of weaving sections and short merge areas, which would
facilitate the negotiation of on-ramps at interchanges. Improvements identified to ease the exit
process included better graphics, greater use of sign panels listing several upcoming exits, and
other methods to improve advance signing for freeway exits.

This section will provide recommendations for highway design elements in four areas to
enhance the performance of diminishedcapacity drivers at interchanges: A. exit signing and exit
ramp gore delineation; B. acceleration/deceleration lane design features; C. fixed lighting
installations; and D. traffic control devices for prohibited movements on freeway ramps.

The Htmdbook  recommendations that follow are supported by material presented later in
the “Rationale and Supporting Evidence” section under the “Interchanges (Grade Separation)”
heading.
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Recommendations by Design Element

A. Design E1emm.t:  Exit Signing and Exit Ramp Gore Delineation
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B. Design Element: Acceleration/Deceleration Lane Design Features

C. Design Element: Fixed Lighting Instatlazions
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D. Design Element: T@@c Cbtrol  Devices for Prohibited Movements on
Freeway Ramps
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III. ROADWAY CURVATURE AND PASSING ZONE23

Background and Scope of Handbook Recommendations

Accidents on horizontal curves have been recognized as a considerable safety problem
for many years. Accident studies indicate that roadway curves experience a higher accident rate
than tangents, with rates ranging from one-and-a-half to three to four times higher than tangents
(Glennon, Neuman, and Leisch, 1985; Zegeer, Stewart, Reinfurt, Council, Neuman, Hamilton,
Miller, and Hunter, 1990; Neuman, 1992). Lemer and Sedney (1988) reported anecdotal
evidence that horizontal curves present problems for older drivers. Also, Lyles’ (1993) analyses
of accident data in Michigan found that older drivers are much more likely to be involved in
accident situations where the drivers were driving too fast for the curve or, more significantly,
were surprised by the curved alignment. In a review of the literature aimed at modifying driver
behavior on rural road curves, Johnston (1982) reported that horizontal curves that are below
600 m (1,968 ft) in radius on two-lane rural roads, and those requiring a substantial reduction
in speed from that prevailing on the preceding tangent section, were disproportionately
represented among accident sites.

Successful curve negotiation depends upon the choice of appropriate approach speed and
adequate lateral positioning through the curve. Many studies have shown that loss-of-control
accidents result from an inability to maintain lateral position through the curve because of
excessive speed, with inadequate deceleration in the approach zone. These problems in turn stem
from a combination of factors, including poor anticipation of vehicle control requirements,
induced by the driver’s prior speed, and inadequate perception of the demands of the curve.

Many studies report a relationship between horizontal curvature (and the degree of
curvature) and the total percentage of accidents by geometric design feature on the highways.
The reasons for these accidents are related to the following inadequate driving behaviors:

l Deficient skills in negotiating curves, especiaily  those of more than 3 degrees (Eckhardt
and Flanagan, 1956).

0 Exceeding the design speed on the curve @lesser,  Mounce,  and Brackett,  198 1).

l Exceeding the design of the vehicle path (Glennon  and Weaver, 1971; Good, 1978).

l Failure to maintain appropriate lateral position in the curve (McDonald and Ellis, 1975).

l Incorrect anticipatory behavior of curve speed and alignment when approaching the curve
(Messer  et al., 1981; Johnston, 1982).

l Inadequate appreciation of the degree of hazard associated with a given curve (Johnston,
1982).

With respect to vertical curves, design policy is based on the need to provide drivers with
adequate stopping sight distance (SSD). That is, enough sight distance must exist to permit
drivers to see an obstacle soon enough to stop for it under some set of reasonable worst-case
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conditions, The parameters that determine sight distance on crest vertical curves include the
change of grade, the length of the curve, the height above the ground of the driver’s eye, and
the height of the obstacle to be seen. SSD is determined by reaction time, speed of vehicle, and
tire-pavement coefficient of friction. There is some concern with the validity of the SSD model
that has been in use for over 50 years, however. Current practice assumes an obstacle height
of 150 mm (6 in) and a locked-wheel, wet-pavement stop. Minimum lengths of crest vertical
curves are based on sight distance and driver comfort. These criteria do llot  currently include
adjustments for age-related effects in driving performance measures, which would suggest an
even more conservative approach. At the same time, the general lack of empirical data
demonstrating benefits for limited sight distance countermeasures has led some to propose
liberalization of model criteria, such as obstacle height.

Standards and criteria for sight distance, horizontal and vertical alignment, and
associated traffic control devices are based on the following driver performance characteristics:
detection and recognition time, perception-reaction time, decision and response time, time to
perform brake and accelerator movements, maneuver time, and (if applicable) time to shift
gears. However, these values have typically been based on driving performance (or surrogate
driving measures) of the entire driving population, or have been formulated from research biased
toward younger (college-age) as opposed to older driver groups. The models underlying these
design standards and criteria therefore have not, as a rule, included variations to account for
slower reaction time or other performance deficits consistently demonstrated in research on older
driver response capabilities. In particular, diminished visual performance (reduced acuity and
contrast sensitivity), physical capability (reduced strength to perform control movements and
sensitivity to lateral force), cognitive performance (attentional deficits and declines in choice
reaction time in responses to unpredictable stimuli), and perceptual abilities (reduced accuracy
of processing speed-distance information as required for gap judgments) combine to make the
task of negotiating the highway design elements addressed in this section more difficult and less
forgiving for older drivers.

This ‘section will provide recommendations to enhance the performance of diminished
capacity drivers as they negotiate roadway curvature and passing zones, focusing on four design
elements: A. pavement markings and delineation on horizontal curves; B. pavement width on
horizontal curves; C. crest vertical curve length and advance signing for sight-restricted
locations; and D. passing zone length, passing sight distance, and passing/overtaking lanes on
two-lane highways.

The ZGndhok  recommendations that follow are supported by material presented later in
the “Rationale and Supporting Evidence” section under the “Roadway Curvature and Passing
Zones n  heading.
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Recommendations by Design Element

A. Design  Element: Pavement Markings and Delineation on Horizontal Curves
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B. Design Element: Pavement Width on Horizontal Curves

C. Design Element: Crest Vertical Curve Length and Advance Signing for
Sight-Restricted Lmatiom

. . ::,. . . .
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